A theoretical study of the shock-loaded response of calcium carbonate materials is presented in which both dry and water-saturated samples with porosities up to 50 percent are considered. Data are presented for the unloading response from 15.0 and 18.5 GPa, and calculations from a mixture model using a Mie-Griineisen equation of state with volume-dependent parameters are compared to both the Hugoniot and the isentropic unloading response.
INTRODUCTION
When porosity is present in mineral samples, shock loading results in greatly elevated temperatures and energies. It is recognized l1 ,2) that Hugoniot data from initially porous samples provide a method for the experimental probing of a more expanded region of the equation-of-state surface of the constituent mineral.
When a second substance, such as water, is introduced into the pores of the material, the high pressure constitutive response becomes more complex. The methods of mixture theory must be brought to bear, and attendant questions regarding mechanical and thermal interaction between components must be addressed.
The materials of interest in the present investigation are porous samples of the mineral calcium carbonate, in both a dry porous form and containing water to various degrees of saturation. This mineral is the primary constituent of limestone, marble and chalk, and as such, constitutes a significant portion of the earth's surface material.
The most extensive high-pressure study of this mineral has been reported by Kalashnikov, et aUs) . Their work provides Hugoniot data to nearly 100 GPa for dry crystalline calcite, two porous calcites (chalk) tested in both the dry and watersaturated condition, and two other minerals of dolomitic composition. Their study also includes a preliminary analysis using a mixture theory.
The present study focuses on a more detailed application of mixture theory to this problem. The theory is compared with the data of Kalasnikov, et aUs). Recent high pressure shock and release measurements on porous calcite are also reported and preliminary comparisons with these data are made.
THEORY
Wet calcium carbonate is a mixture of three constituents, solid calcium carbonate, water, and void. It is modeled by using a theory of immiscible mixtures proposed by Drumheller and Bedford (4 ). A constituent of this mixture is labelled C€, where e = 8, I, or tJ for solid, fluid, or void. The intrinsic mass density of C€, "h, is the ratio of the mass of C€ divided by the portion of the mixture volume occupied by C€. The volume fraction of C€, f€, is the ratio of the volume occupied by C€ over the volume occupied by the mixture. The f€ always satisfy the condition
where the summation sign implies a sum over all constituents C€. The partial mass density of C€ is denoted by p€ and is given by (2) In situations where the C€ have independent motions, balance of mass and momentum equations are required for each constituent. In this analysis it is assumed that all the C€ have identical motions. As a result the summed balance of mass and momentum relations for the mixture are sufficient to specify the solution to the problem. These relations are identical to the traditional continuum relations in which the density p and the pressure P are identified with the mixture mass density p = E p€ and the constituent pressures P€, so that P = P€. Because of the assumption of equal pressures between the C€, P€ = 0 when void is present.
It is assumed that C, has an equilibrium pressure given by the Mie-Grtineisen 
where 'I, = 1 -p,o/p, and e, is the specific internal energy. The material constants P.o, c,o, f ,0, and" are intrinsic properties of the calcite mineral. A variable Grtineisen parameter f, is assumed (" = 0 corresponds to the common assumption that p,f, = p,of '0)' Equation 4 is equivalent to that proposed by Al'tshulerll).
